It is believed that population-based screening for cancer should be advocated only when screening reduces disease-specific mortality. Four randomized controlled studies on lung cancer screening have been conducted in male cigarette smokers, and none has demonstrated reduced mortality. Accordingly, no organization that formulates screening policy advocates any specific early detection strategies for lung cancer. Yet, despite this public policy against screening, there is considerable evidence that chest x-ray screening is associated with earlier detection and improved survival. Two randomized trials, the Memorial Sloan-Kettering and Johns Hopkins Lung Projects, were specifically designed to evaluate the effectiveness of sputum cytologic study. Both evaluated the efficacy of the addition of sputum cytologic studies to annual chest radiographs, and both demonstrated that cytologic study did not favorably influence outcome. All individuals in experimental and control groups in both studies had annual chest radiographs. Because survival rates observed in both studies were about three times higher than predicted, based either on the National Cancer Institute's Surveillance Epidemiology and End Results database or based on the American Cancer Society's annual Cancer Statistics, raises the possibility that the periodic chest radiographs performed in all patients in both studies contributed to an improved outcome. In the Mayo Lung Project and in the Czechoslovak study on lung cancer screening, the experimental groups underwent a program of relatively intensive and regular rescreening with chest radiographs and sputum cytologic study, while the control At the present time, it is widely accepted that screening for the early detection of lung cancer is not indicated.1 This position is supported by the fact that no randomized controlled trial has suc-groups underwent either less-frequent rescreening or no rescreening. In both studies, the screened groups achieved meaningful improvements in stage distribution, resectability, and survival. However, increases in cumulative incidence of lung cancer in the experimental group in both studies (which in the Mayo Lung Project reached statistical significance) prevented significant improvements in survival from translating into corresponding reductions in mortality. The possibility that screening may be associated with lung cancer "overdiagnosis" has been widely postulated to account for higher survival and incidence rates and equivalent mortality rates. However, analysis of autopsy information and of disease outcome in individuals with screendetected early stage lung cancer who do not undergo surgical resection strongly supports the conclusion that screening does not lead to overdiagnosis of lung cancer. Similarly, lead-time and length bias do not adequately account for the differences in cumulative incidence observed in the Mayo and Czech studies. Because chest radiographs lead to meaningful improvements in stage distribution, resectability, and survival in lung cancer, and because neither overdiagnosis bias nor lead-time bias accounts for these improvements in outcome, a reconsideration of the role of chest radiographs in the early detection of lung cancer would be appropriate. A consensus conference would be a suitable forum to reexamine fully the existing data on lung cancer screening and to formulate specific guidelines for early detection strategies in individuals at high risk for lung cancer.
(CHEST 1995; 107:270S-279S) ceeded in demonstrating that screening is associated with a reduction in lung cancer-specific mortality. It has long been believed that disease-specific mortality, which correlates number of cancer deaths to the total number of individuals in the screened population, is the critical measure of cancer death rates. Unlike other outcome parameters, mortality is believed to be free of any confounding bias.2
Mortality must be distinguished from fatality (or case fatality rate), the other measure of cancer death rates that is determined in the context of early detection trials. Fatality relates number of deaths to These studies demonstrated no benefit by the addition of sputum cytologic study to annual chest radiograph. As randomized comparisons, these trials were designed to assess the benefit of sputum cytologic study, not of chest radiographs. However The Mayo Lung Projectl'0" is the most influential of the four existing randomized trials on lung cancer screening. All participants underwent a prevalence screen, which consisted of a chest radiograph and cytologic study before randomization. Patients found cancer free on the prevalence screen were then randomized to the experimental group, in which a chest radiograph and sputum cytologic sample were obtained every 4 months, or to the control group, which received the recommendation for an annual chest radiograph and cytologic study.
At every point when data were evaluated, the incidence of lung cancer was higher in the experimental than in the control population. At the study's end (Table 2) , there were 206 cases of lung cancer detected in the experimental group compared with 160 cases in the control group. Resectability was higher in the experimental group, and lung cancerspecific 5-year survival was more than double, 33 vs 15%. However, despite this survival advantage, there were 122 lung cancer deaths in the experimental group and 115 in the control group. Accordingly, there was a statistically insignificant mortality advantage slightly favoring the control group.
The randomized trial from Czechoslovakia enrolled 6,364 men.1213 All underwent a prevalence screen, consisting of a chest radiograph and sputum cytologic study. The experimental group then underwent chest radiograph and sputum cytologic 28 18 study every 6 months for 3 years, while the control group underwent no screening until the end of the third year, when another chest radiograph and cytologic study were performed. Subsequently, both groups underwent chest radiography at the end of the fourth, fifth, and sixth years. During the initial 3-year period (and excluding the scheduled screening at the end of the third year), 36 lung cancers were diagnosed in the experimental group and 19 in the control group (Table 3) . Resectability was 25% in the experimental group and 15% in the control group. Survival was superior in the experimental group, with no survivors beyond 3 years among control subjects and 25% surviving 5 years in the experimental group, a difference that was highly statistically significant (p=0.0001). However, mortality was higher in the experimental group; there were 28 lung cancer deaths vs 18 in the control group.
During the course of the entire 6 years of the trial, a total of 108 cancers were detected in the experimental group and 82 in the control group. Overall, there were 85 lung cancer deaths in the experimental group and 67 in the control group. Accordingly, relative mortality was 27% higher in the experimental group, although this difference was not statistically significant (p=0.16).
Both the Mayo Lung Project and the Czech study (during the 3-year experimental period) showed advantages for the screened group with regard to stage distribution, resectability, and survival. However, there were statistically insignificant mortality disadvantages for the screened groups in both studies.
Furthermore, in both studies, the incidence of lung cancer was higher in the experimental group than in the control group. In the Mayo Lung Project, this difference in cumulative incidence was statistically significant (p=0.019), and in the Czech Study it approached significance (p=0.065). The question is why was this disparity observed? It is critical to understand the nature of these incidence discrepancies, because of the relationship between mortality and incidence. Cumulative mortality is proportional to two variables: cumulative incidence and fatality.2
The numerator in a mortality calculation is the number of cancer deaths. The only candidates for lung cancer mortality are those persons with lung cancer, who constitute the incidence group. The The four screening biases represent potential explanations for these incidence discrepancies. Selection bias influences participation in screening trials, but randomization eliminates selection bias as a factor in whether individuals enter an experimental or control group.
Lead-time bias predicts an initial excess of cases, reflecting earlier detection through screening.3 This is due to increased detection of relatively indolent cancers, which, because of length bias, are most likely to be detected by screening. However, if all cancers are clinically significant lesions destined eventually to become life threatening if not effectively treated, then after screening is discontinued, the number of control cases should approach that of the experimental group.14,15
In both the Mayo Lung Project and Czech study, however, the incidence discrepancy actually increased during a postexperimental period (Table 4 ). In the Mayo study, intensive screening in the experimental group continued for 6 years but was followed by a period of observation that, on average, lasted 3 years. At the end of the 6 years, there were 56 more cases in the screened group. During the first 18 months, this discrepancy narrowed to 31, but by the end of observation, it had increased again to 46.1"
The Czech study's design was uniquely suited to eliminate lead-time bias. At the end of the experimental period, the incidence difference was 17, which narrowed to 9 when including those cases of lung cancer detected at the planned rescreening at the end of the third year. During the subsequent 3-year period when both groups underwent annual screening chest radiographs, the incidence discrepancy almost tripled to 26.1'3 Such incidence discrepancies, which increased during the postexperimental period when both experimental and control groups were treated, in effect, as a single screened population, are not explainable on the basis of lead-time or length bias. In the Mayo Lung Project, it is conceivable that lead time was so prolonged that it exceeded the screening and observation period, which averaged 9 years in both groups. However, if the lead time is so prolonged, it merges conceptually with overdiagnosis.
Overdiagnosis bias has been widely accepted as the most likely explanation for the observed incidence differences.'6 For example, Eddy,' in his review of lung cancer screening, concluded that the results of the Mayo Lung Project are "consistent with the hypothesis that many of the lesions detected by screening and labeled as cancers were not clinically important in the sense that they would never have become clinically evident during the time of the trial and follow-up."
From a statistical and epidemiologic point of view, overdiagnosis in a screened group can plausibly account for presumed "missing cases" in a control group. However, it is highly questionable whether this hypothesis is biologically plausible. A malignancy as clinically virulent as lung cancer would not be a very likely candidate for overdiagnosis through screening. Independent of hypothetical considerations, however, evidence for overdiagnosis can be sought in two ways. These data are not consistent with the thesis that screening results in overdiagnosis of lung cancer. As Flehinger et a122 pointed out, "Patients with lung cancer detected early who were treated by resection of their tumor had a high probability of survival," while patients "with lung cancer detected early who were untreated died of lung cancer. "22 Existing data support the conclusion that none of the four screening biases credibly accounts for the hypothetical missing cases in the Mayo and Czech studies. This is an important conclusion, because these are the factors that confound the significance of the survival advantages observed in these studies. If the survival advantages observed in the Mayo and Czech studies were not confounded by overdiagnosis, lead-time bias, or length bias, it would support the conclusion that screening was leading to meaningful improvements in outcome.
However, it also leads one to question what does account for the incidence discrepancies. Does some statistically or biologically meaningful explanation exist for the increased incidence in the screened groups that is not related to a screening bias?
One possibility is that radiation from screening chest radiographs was responsible for the observed increase in cases of lung cancer. However, cancer induction from the low doses of radiation is simply not plausible. Radiation exposure to the lung from a single posteroanterior and lateral chest radiograph is 0.02 rad.23 It has been estimated that, at most, the upper limit of lifetime risk from radiation exposures of 1 to 10 rad is one cancer death per 10,000 persons receiving 1 rad exposure, following a latency of 10 to 40 years. 24 Another possibility is chance alone. Assuming that the process of randomization resulted in two groups with equivalent lung cancer risk, chance accounted for incidence differences. That, however, is what statistical significance is all about. The possibility that chance alone produced differences in incidence in both the Mayo and Czech studies is the product of the p values of the incidence differences in the individual studies, or approximately one chance in 800 (p=0.019X0.0012). Accordingly, chance alone would represent an extremely unlikely explanation.
IMBALANCE OF COEXISTING RISK FACTORS FOR LUNG CANCER
We believe that existing data support the conclusion that neither the four conventional screening biases nor radiation exposure from screening chest radiographs nor chance can credibly explain the observed differences in cumulative incidence of lung cancer in the Mayo Lung Project and the Czechoslovak study. We believe it is necessary to look for an alternative explanation for the observed differences in case detection. We also understand that since none of the studies were designed to determine the nature of any unexpected incidence discrepancies, the answer to this question is speculative.
Nevertheless, we believe that the most plausible hypothesis for differences in cumulative incidence relates to an imbalance in covariates that determine lung cancer risk. This suggestion might be greeted with skepticism. Because cigarette smoking is the major factor leading to development of lung cancer in the vast majority of cases, how could other factors play a significant role?
In these studies, the role of smoking as the predominant etiologic agent in lung cancer is not relevant. All participants in both groups in the Mayo Lung Project and the Czechoslovak study were cigarette smokers, so there was no difference between groups with respect to this most critical of variables. However, there is a great deal of evidence that certain cigarette smokers are much more susceptible than others to development of lung cancer, which is dependent on coexisting risk factors25'26 (Table 5) .
For example, the nature of the smoking history is important,27 including such variables as smoking duration and age at onset. Many occupational and environmental carcinogens affect lung cancer risk. A history of asbestos exposure increases the risk of lung It is absolutely and unequivocally true that cigarette smoking is the major determinant of risk for lung cancer. However, marked variation in individual susceptibility to development of lung cancer exists among cigarette smokers, depending on coexisting risk factors. If a large number of covariates are important in defining disease risk, an imbalance in the allocation of one or more of these variables could be responsible for variation in incidence, despite randomization.
If randomization did not result in groups with equivalent lung cancer risk, there is no reason to expect incidence to be equivalent. Because it is possible to exclude virtually all other hypotheses, an imbalance of risk-defining covariates would appear to be the most plausible explanation for inequality of incidence between experimental and control groups in the Mayo and Czech studies.
MAYO LUNG PROJECT REEXAMINED
In the Mayo study,10 the cumulative incidence of lung cancer in the experimental group was 4.46% vs 3.48% in the control group. The difference in absolute incidence was 0.98%. This led to a 29% relative excess in case numbers in the experimental population, indicating that the size of the group at risk for lung cancer mortality was 29% larger, a statistically significant difference (p=0.019).
If incidence rates between experimental and control groups in randomized trials differ, not because of a screening bias but because the groups differ with regard to their risk of developing lung cancer, then relative mortality rates would have no meaning. However, if overdiagnosis were not increasing case detection, all diagnosed cases would be clinically significant. In such circumstances, fatality rates more accurately reflect cancer death rates than mortality, since fatality is a measure of cancer death rates in the incidence group.2
In the Mayo Lung Project (Table 6) , there were 122 lung cancer deaths among 206 lung cancer cases in the experimental group, for a fatality rate of 59% vs 115 lung cancer deaths among 160 lung cancer cases in the control group, for a fatality rate of 72%. This difference in fatality is statistically significant (p=0.016).
CHANGING EPIDEMIOLOGY OF LUNG CANCER
In 1980, the American Cancer Society modified its previous recommendation in favor of annual screening chest radiographs in cigarette smokers to a recommendation supporting no screening whatsoever.37 Table 7 lists the changes that have occurred in lung cancer epidemiology from 1980 through 1994, based on the American Cancer Society's annual cancer statistics.38-52 During this period, annual incidence increased 47%. The percentage of women who contribute to the total pool of patients with lung cancer increased from 27 to 42%; furthermore, the number of women annually who are diagnosed as having lung cancer and die of lung cancer more than doubled.
However, this increasing incidence of lung cancer in our society has occurred despite a decreasing percentage of Americans who continue to smoke. This trend toward a decrease in smoking prevalence has taken place over the last several decades. In 1965, 42% of the population older than 18 years were cig- In 1991, the percentage of smokers had fallen to 26%.53 Because lung cancer incidence is increasing at the same time that smoking prevalence is decreasing, lung cancer is becoming more and more a disease of former smokers.54 '55 In 1991, it was estimated that 89.8 million US adults were at some point regular cigarette smokers. This includes a total of 46.3 million current and 43.5 million former smokers.56 The increasing incidence of lung cancer, coupled with the evidence that smoking cessation has not yet been an effective means of primary prevention, adds weight to the argument that the increased use of early detection methods will be necessary to reduce death rates from lung cancer.
DISCUSSION
Existing evidence from all four of the randomized controlled studies on lung cancer screening supports the conclusion that periodic chest radiographs lead to increased detection of early-stage disease, increased rates of resectability, and improvements in lung cancer-specific survival. A mortality reduction, however, was not demonstrated in any of these four studies.
In the Memorial Sloan-Kettering and Johns Hopkins Lung Project, the failure to demonstrate a mortality difference was likely due to the fact that both control and experimental groups in both studies underwent annual chest x-ray screening. Sputum cytologic study did not contribute to a further improvement in outcome.
In the Mayo Lung Project and the Czechoslovak Study, the two randomized studies that best address the efficacy of chest x-ray screening, the failure to demonstrate a mortality reduction was likely due to the higher cumulative incidence of lung cancer in the screened populations. While one might expect such a higher incidence because of the effects of lead-time, overdiagnosis, or length bias, the evidence indicates that these biases do not account for the higher cumulative incidence of lung cancer in the screened groups in either of these two studies.
The observed improvements in survival (as well as stage distribution and resectability), if not explainable by lead-time, overdiagnosis, or length bias, would lead to the conclusion that there is a striking benefit associated with screening. However, mortality comparisons would support no benefit. This paradox raises the question whether mortality comparison accurately reflected outcome.
Mortality would not be an accurate measure of cancer death rates when groups are not comparable with regard to their risk of the disease under investigation. This is true because mortality is proportional to the product of incidence times fatality. While this is subject of speculation, we believe that the most likely reason for the observed differences in cumulative incidence is that the groups were not balanced with regard to important variables that determine lung cancer risk.
Under such very limited circumstances, cancer Table 7  Table 7 2,220,000-1,961,00 Figure 2 shows the survival curves in the Mayo Lung Project (considering lung cancer deaths only) and demonstrates superior survival for the experimental group.1' Because incidence is higher in the experimental group and overall lung cancer mortality is the same, these curves are consistent with overdiagnosis. However, existing evidence demonstrates that overdiagnosis is not the result of chest x-ray screening; therefore, the only alternative interpretation of these curves is that the difference between them reflects a benefit from screening. If screening biases (and in particular, overdiagnosis) can be eliminated, then relative survival comparisons would be meaningful, not biased. Accordingly, the 5- x-ray screening is beneficial, as reflected by improvements in stage distribution, resectability, and survival. A case can be made to consider the adoption of periodic chest x-ray screening as standard care for individuals at high risk of lung cancer. Data from the Memorial and Hopkins studies support annual screening as the appropriate interval. Our conclusion regarding a benefit for periodic chest x-ray screening is at variance with virtually all other previous analyses, which found no benefit for its use in lung cancer screening. Furthermore, because our position is based on interpretation of existing studies rather than on new data, we recognize that many will not accept this conclusion.
The American Cancer Society recently modified its 1980 recommendation against lung cancer screening. It stated (regarding the randomized studies) that it "has reviewed data from these trials and suggests that physicians and high-risk asymptomatic persons determine if chest x-rays are indicated."57 However, a recent broad-based, American Cancer Societysponsored National Conference on Cancer Prevention and Early Detection did not even consider the issue of lung cancer screening.58 Given the serious public health and fiscal implications of our position in favor of lung cancer screening and the equivocal American Cancer Society position on this issue, we believe that lung cancer screening should be the focus of a national consensus conference to formulate specific guidelines.
Pending such a reassessment of screening guidelines, there is clearly sufficient evidence to justify early detection efforts for lung cancer in the asymptomatic high-risk individual who seeks a cancer checkup from his or her physician. As Fontana et al"l have pointed out, "In this day of incomplete medical knowledge and personalized medical practice, it seems reasonable for the individual physician and the individual patient to decide if and when chest radiographs should be obtained. Whether the sum of such individual clinical encounters is equivalent to mass screening is moot."
